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Description

[0001] The present invention relates to a method of storing and transporting various kinds of gases including natural
gas, methane, ethane, and other lower hydrocarbons, and carbon dioxide. More particularly, it relates to a method of
storing and transporting these gases through adsorption thereof in a large quantity onto a porous material at or close
to room temperature in a short time.
[0002] Gas in a gaseous state has a very large volume and a low specific gravity. Consequently, means of increasing
a density of gas is highly required in order to improve storage efficiency and transportation efficiency in storing and
transporting gas. There are several methods for achieving such objects as follows:

(1) a method of compressing gas under a high pressure as seen in the case of compressed gas contained in high
pressure gas bombs; and
(2) a method of cooling and liquefying gas as seen in the case of liquid nitrogen, and liquid oxygen, or liquefied
natural gas and the like. Besides the aforesaid methods, various other methods are also proposed as described
hereafter under (3) ~ (7):
(3) COSORB method used for absorption of, for example, carbon monoxide, and a method of absorbing carbon
dioxide by alkali;
(4) a method wherein gas is caused to adsorb to the surface of a solid adsorbent such as silica gel, active carbon,
and the like (JP-A 49-104213, and JP-A 6-55067);
(5) a method using a hydrogen storage alloy or combinations of a hydrogen storage alloy and an adsorbent (JP-A
4-131598);
(6) a method utilizing chemical reaction occurring on the surface of a solid substance accompanied by decompo-
sition of methane (JP-A 59-197699); and
(7) a method wherein hydrocarbon gas containing methane or ethane as a main constituent is brought into contact
with water in the presence of aliphatic amine, thereby utilizing the gas hydrate (JP-A 54-135708).

[0003] However, the method referred to under (1) above has a drawback in that the weight of each container becomes
very large in comparison with the weight of gas to be stored therein because sufficient pressure-resistant strength is
required of containers. Particularly, in case of a gas pressure exceeding 10.68 atm (equivalent to 10 kg / cm2 by gauge
pressure), materials, facilities, piping, and the like meeting specifications specified under the regulations pertaining to
high pressure gas control are required, causing the method to become costly as a result.
[0004] In the liquefaction method referred to under (2) above, gas needs to be compressed, and cooled for liquefac-
tion thereof, not only resulting in high cost but also requiring separate and special facilities to keep liquefied gas cooled.
Furthermore, similarly to the method (1) as above, this method is subject to regulatory constraints. Under the circum-
stance, viable application of this method is limited to high-valued helium or liquefied natural gas in which economies
of scale can be realized.
[0005] Then, in most cases of the method (3) above, chemical reaction such as acid-alkali reaction between mole-
cules of gas to be absorbed and molecules contained in a liquid phase, and the like is utilized. For this reason, it has
great difficulty in controlling the composition of the liquid phase and the reaction process.
[0006] In the method (4) above of storing gas through physical adsorption onto the surface of solids, an equilibrium
pressure phenomenon is utilized. As a result, its adsorption speed is slow, and appropriate pressurization of gas is
required to obtain a sufficient amount of adsorption. According to this method, gas can be stored at a pressure lower
than that for the aforesaid method of storing gas in high pressure cylinders. Still, a pressure at 10.68 atm (equivalent
to 10 kg / cm2 by gauge pressure) or higher is normally required.
[0007] In the method (5) above, if gas to be stored is, for example, hydrogen, a hydrogen storage material has to
be, for example, palladium metal or its alloy. Thus, a suitable storage material is limited to specific materials on the
basis of nearly one-to-one relationship with the gas to be stored, and further, a cost of the method becomes higher
since the storage material is of a special type and expensive. In addition, meticulous care needs to be exercised in
handling of the storage material because of a tendency of embrittlement thereof when used repeatedly.
[0008] Similarly to the case of the method (5) above, the method referred to under (6) has a problem that a kind of
gas stored is limited, and a material required for storage is of a special type and expensive.
[0009] Then, in the case of the method (7) above, it is of a gas-liquid contact type, and therefore, its effect is largely
dependent on a gas-liquid contact efficiency. The method has a problem that an amount of gas actually stored is
substantially lower than an amount anticipated on a theoretical basis.
[0010] It is an object of the invention to provide a method of storing and transporting gas for solving various problems
described above which are encountered in carrying out the prior art.
[0011] Another object of the invention is to provide a method of storing a large volume of gas equivalent to, for
example, more than 180 times (on the basis of conversion to the standard state) as much as an unit volume of a



EP 0 787 941 B1

5

10

15

20

25

30

35

40

45

50

55

3

material for use in the method under a reduced pressure or a low pressure ranging from the atmospheric pressure to
10.68 atm (equivalent to 10 kg / cm2 by gauge pressure) at or close to room temperature without use of any special
material or facilities.
[0012] And a further object of the invention is to provide a method of transporting a large volume of gas equivalent
to, for example, more than 180 times (on the basis of conversion to the standard state) as much as an unit volume of
a material for use in the method under a reduced pressure or a low pressure ranging from the atmospheric pressure
to 10.68 atm (equivalent to 10 kg / cm2 by gauge pressure) at or close to room temperature without use of any special
material or facilities.
[0013] Still a further object of the invention is to provide a method of storing and transporting gas which is effectively
applicable to various kinds of gases having different molecular diameters.
[0014] An additional object of the invention is to provide a method of storing gas wherein a large volume of gas is
adsorbed to and stored in a porous material having fine pores and a large specific surface area by bringing the gas in
contact therewith in the presence of a compound serving as host at or dose to room temperature.
[0015] An even further object of the invention is to provide a method of transporting a gas comprising contacting a
gas with a porous material having fine pores and a large specific area at or close to room temperature in the presence
of a compound serving as a host, whereby a large amount of the gas is adsorbed to and stored in the porous material,
and then transporting the said porous material adsorbed to and stored the gas.

Fig. 1 is a graph showing variation with time in the amount of methane adsorbed to 1 g of the active carbon in the
presence of water in comparison with the same when methane was brought straight in contact with the active
carbon without presence of water (under 0.2 atm at 30… C);
Fig. 2 is a graph showing variation under various pressures in the amount of methane adsorbed to 1 g of the active
carbon, comparing the case of testing conducted in the presence of water with the case of methane being brought
straight in contact with the active carbon (at 30 °C);
Fig. 3 is similar to Fig. 2 except that a wider range of pressure variation is covered therein; and
Fig. 4 illustrates in principle the constitution of a testing apparatus used in carrying out the examples.

[0016] A method of storing gas according to the present invention is characterized in that a large amount of gas is
brought into contact with a porous material having fine pores and a large specific surface area in the presence of a
compound serving as clathrate at or close to room temperature, thereby causing the gas to be adsorbed to and stored
in the porous material.
[0017] Also, a method of transporting gas according to the present invention is characterized in that a large amount
of gas is brought into contact with the porous material having fine pores and a large specific surface area in the presence
of the compound serving as clathrate at or close to room temperature, thereby causing the gas to be adsorbed to the
porous material and transported therein.
[0018] There is no particular limitation as to a kind of the porous material having fine pores and a large specific
surface area for use in the method of storing and transporting gas according to the invention provided that it is a porous
material having fine pores and preferably it has a specific surface area of 100 m2 / g or greater. Further, any porous
material regardless of its quality, manufacturing method, and shape may be used for the purpose described above
provided that it neither react with nor is dissolved into water or a compound, serving as clathrate and having a function
similar to water, (in other words, if it is not adversely affected by the compound serving as clathrate through dissolution
or chemical reaction in practical application) and there is no need for uniformity in the shape and diameter distribution
of fine pores of the porous material.
[0019] Any porous materials having the characteristics described above may be used in carrying out the embodiments
of the invention. Among them, active carbon and ceramics are particularly suitable for such a purpose as above. The
method according to the invention is quite advantageous in that for example, the active carbon and ceramics are cheap
and obtainable with ease. Further, as the compound serving as clathrate for use in the method according to the inven-
tion, water, alcohol, organic acids, hydrogen sulfide, and the like are cited. Among them, water is particularly preferable.
Also, the method of storing and transporting gas according to the invention is applicable to the storage and transpor-
tation of various kinds of gases having different molecular diameters.
[0020] With the method according to the invention, a large volume of gas equivalent to, for example, more than 180
times (converted to the standard state basis) an unit volume of the porous material can be stored and transported in
a short time by bringing gas to be stored into contact with the compound serving as host inside fine pores of the active
carbon or ceramics under a moderate condition, that is, at or close to room temperature and under the atmospheric
pressure or a pressure close thereto.
[0021] The method of storing and transporting gas according to the invention is effective not only under a low pressure
in the range from the atmospheric pressure to 10.68 atm (equivalent to 10 kg / cm2 by gauge pressure) or less but
also under a reduced pressure, for example, as low as 0.2 atm. Under a higher pressure in excess of 10.68 atm
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(equivalent to 10 kg / cm2 by gauge pressure), further massive gas can be stored and transported corresponding to
the pressure.
[0022] Thus the method of storing and transporting gas according to the invention does not require either any special
cooling equipment or any special pressurizing facilities, making it quite effective means from a practical viewpoint.
[0023] Then, as for the active carbon, it is easily available in powder form, granular form, fiber form, or various other
forms having fine pores in various diameters and large specific surface areas. Furthermore, the diameter distribution
of fine pores and the specific surface area of the active carbon can be easily confirmed by measuring an amount of
nitrogen adsorbed at the liquid nitrogen temperature and an adsorption isotherm.
[0024] As the substance of the active carbon has a very large specific surface area, a large number of gas molecules
can be adsorbed to the surface thereof. Most of the gas molecules thus adsorbed can be caused to remain exposed
on the inner surface of fine pores by controlling an amount of the gas adsorbed.
[0025] The fine pores of the substance are sufficiently small in diameter ranging from, for example, several nm to
several tens nm, and as a result, the gas molecules adsorbed on the inner surface of the fine pores behave as if they
were under a high pressure condition. Such behavior represents a phenomenon known as the quasi-high pressure
effect.
[0026] As described above, phase transition, reaction, and the like that occur normally only under high pressure can
occasionally happen under a moderate condition of lower pressure and lower temperature by use of a porous material
having fine pores. The effect of the method according to the invention is presumably attributable to such a phenomenon
as described above among other factors although the cause thereof is not known in detail.
[0027] As for "a host compound" used in practicing the invention, there is no specific limitation provided that it is a
compound that can form a certain structure through hydrogen bond when several molecules thereof cluster. As de-
scribed in the foregoing, water, alcohols, organic acids, hydrogen sulfide, and the like are cited as the host compound.
Among them, water is used as a preferable compound.
[0028] When any of the aforesaid host compounds coexists with gas molecules (referred to as "guest molecules")
each having dimensions in a certain range, clathrates are formed, causing gas molecules to be crystallized in very
close proximity to each other and stabilized. This is a phenomenon wherein the host compound coexisting with gas
molecules serving as guest under a condition of a specific pressure and temperature forms jointly with the gas mole-
cules, through hydrogen bond, specific cubic structures, for example, cage-like structures in which the guest molecules
are surrounded by the host molecules, and such clathrates are normally formed under a condition of low temperature
and high pressure.
[0029] On the contrary, the method according to the invention enables a large volume of gas to be stored rapidly
even under a moderate condition without need for high pressure through combination of a high adsorbing capacity of
the porous material having fine pores, the aforesaid quasi-high pressure effect inside the fine pores, and the charac-
teristic of the clathrates containing gas.
[0030] Furthermore, with respect to a gas storage capacity obtained in the method according to the invention, a ratio
of the number of guest molecules to that of host molecules far exceeds the same obtained for any clathrates known
thus far. Such a phenomenon as described above can not be explained by any known theory pertaining to the formation
of clathrates alone. It appears that some synergistic effects due to combination of the porous material having fine pores
and clathrates, that is, an effective and excellent gas storage action according to some new and beneficial theory has
occurred.
[0031] The method of storing and transporting gas according to the invention is practiced by embodiments thereof
as described hereafter under (1) ~ (3), by way of example. However, various embodiments other than the aforesaid
may be carried out provided that the theory on which the present invention is based is applied to them:

(1) The porous material is placed in a vessel first, then the host compounds are fed into a vessel, and caused to
be adsorbed to the porous material. Thereafter, a storage gas (a gas to be stored) or a transportation gas (a gas
to be transported) is fed into the vessel.
(2) The porous material to which the host compound has already been adsorbed is placed in a vessel, and then
the storage gas or the transportation gas is fed into the vessel.
(3) The porous material is placed in a vessel first, and then a mixture of the host compound and the storage gas
or the transportation gas is fed into the vessel.

[0032] The term "gas" as used herein is not limited to a single kind of gas but, intended to include a mixture of two
or more kinds of gases, for example, natural gas and other gas.
[0033] In any of the embodiments of the invention described in the foregoing, high pressure vessels are not required
for use as special vessels because gas can be adsorbed to the porous material and stored at a low pressure. Still,
high pressure vessels may naturally be used as well without causing any problem, and it is possible to store and
transport gas under a higher pressure, for example, in excess of 10.68 atm (equivalent to 10 kg / cm2 by gauge pres-
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sure), in the same way as the method of storing and transporting gas according to the invention, in which case high
pressure vessels capable of withstanding such a high pressure are used.
[0034] The same can be said of the cases where natural gas, methane, ethane, ethylene, propane, butane, and
other lower hydrocarbons, and carbon dioxide, and the like are stored, and transported in vessels by the method
according to the invention.
[0035] By the method of storing and transporting gas according to the invention, a large amount of gas can be stored
and transported using the porous material and the host compound, which are available cheaply, without need for special
cooling equipment.
[0036] Further, the method according to the invention enables a large amount of gas to be stored or transported in
a short time at or close to room temperature under reduced pressure, or a low pressure ranging from the atmospheric
pressure to 10.68 atm (equivalent to 10 kg / cm2 by gauge pressure) or less and is quite advantageous in practical
application because it does not require, for example, any special pressure vessels and the like as required in the
conventional methods.
[0037] In addition, the method is not only more efficient in respect of its storage effects under a pressurized condition
ranging from 15 to 20 atm or higher but also applicable to the storage and transportation of various kinds of gases
having different molecular diameters as well as such hydrocarbons as methane, ethane, ethylene, propane, butane,
and the like or gas in great demand such as natural gas and the like.
[0038] The invention will be understood more readily with reference to following examples, however, these examples
are intended to illustrate preferred embodiments of the invention and are not to be construed to limit the scope of the
invention. The schematic illustration of the testing apparatus used in carrying out the examples is described first followed
by specific results of adsorption tests conducted using the testing apparatus.
[0039] Fig. 4 illustrates in principle the constitution of the testing apparatus used in carrying out the examples. In
Fig. 4, numeral 1 is a high pressure cylinder for gas to be adsorbed, numerals 2, 4, 6, 8, and 10 are valves, 3 a regulator,
5 a gas pipe, 7 a water vapor generator, and 9 a pressure gauge. Then, numeral 11 is a pressure vessel, 12 a beam
balance, 13 a mechanism for detecting downward displacement of one end of the beam of the beam balance 12 and
correcting such downward displacement by electromagnetic force, 14 a material to which gas adsorbs, 15 a reference
weight (to which gas does not adsorb), and 16 a vacuum pump.
[0040] When operating the testing apparatus, firstly air was evacuated from the pressure vessel 11 and the gas pipe
5 by use of the vacuum pump 16, and then water was caused to adsorb to a sample 14 (gas adsorption material). The
procedure for the adsorption of water is described hereafter. Water vapor generated by the water vapor generator 7
was fed into the pressure vessel 11 via the gas pipe 5 by opening the valve 6, forming a saturated water vapor atmos-
phere (for example, a water vapor atmosphere under 0.04 atm at 30 °C) therein and causing water to be adsorbed
sufficiently to the sample 14.
[0041] Thereafter, a predetermined water vapor atmosphere was formed by adequately reducing pressure further
with the vacuum pump 16, removing excess water adsorbed. Then, inside of the gas pipe 5 was sufficiently decom-
pressed after closing the valves 4 and 8, removing moisture inside the gas pipe 5 completely. Thereafter, the gas was
adsorbed to the sample 14 prepared as above.
[0042] A gas atmosphere S under a predetermined pressure was formed inside the pressure vessel 11 by feeding
the gas to be adsorbed from the high pressure cylinder 1 into the testing apparatus while strictly controlling a feed rate
with the regulator 3. Accurate measurement of an amount of water and the gas that was adsorbed to the sample 14
was accomplished by use of a method whereby an amount of water and the gas, respectively, adsorbed to the sample
14 is calculated from a quantity of electricity consumed to keep the beam of the beam balance 12 horizontal by the
agency of electromagnetic force acting against a tendency of one end of the beam, on the side of the sample 14, being
displaced downward due to an increase in the weight of the sample 14 after adsorption thereto of water and the gas.
A temperature of the aforesaid atmosphere was kept constant by housing the testing apparatus in whole in a thermostat
(not shown in Fig. 4).

[EXAMPLE I]

[0043] A test was conducted wherein after 0.0083 g of water was adsorbed to 0.0320 g (0.0461 cc) of pitch type
active carbon having 1765 m2 / g of specific surface area, 1.13 nm (nanometer) in the average diameter of its pores,
0.971 cc / g in the average volume of its pores, 2.13 g / cc of intrinsic specific gravity, and 0.694 g / cc of apparent
specific gravity, methane gas under 0.2 atm at 30 °C was fed into the testing apparatus. For a purpose of comparison,
another test was conducted wherein the methane gas was fed under the same condition except that water was not
adsorbed to the active carbon beforehand.
[0044] Fig. 1 illustrates variation with time in the weight of methane gas adsorbed to 1 g of the active carbon in the
course of aforesaid tests. In Fig. 1, the variation in the weight of the methane gas adsorbed when water was adsorbed
to the active carbon prior to the methane gas being adsorbed thereto is plotted with blank circles whereas the same
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when methane gas was adsorbed straight to the active carbon is plotted with solid circles.
[0045] As shown in Fig. 1, when water was adsorbed to the active carbon first and then the methane gas was fed
thereto, the active carbon started to store the methane gas henceforth at a rapid rate with an amount of the methane
gas adsorbed after the elapse of 0.2 hr.. reaching more than 15 mmol per 1 g of the active carbon and the same after
the elapse of 0.5 hr.. reaching around 17 mmol per 1 g of the active carbon, which was maintained thereafter. Consid-
ering the fact that the methane gas fed at this point in time was pressurized at 0.2 atm (at 30… C), it can be said that
a rate at which the methane gas is adsorbed and the amount of the methane gas adsorbed in the method according
to the present invention are superior to the same for the conventional methods.
[0046] On the other hand, when the methane gas was fed without water being adsorbed to the active carbon before-
hand as in the conventional methods, only a minimal amount of the methane gas was adsorbed without showing any
change in the amount of the methane gas adsorbed after the elapse of time under the same atmosphere as described
above. In other methods, for example, the method referred to in JP-A 9-104213, silica gel, molecular sieves, active
carbon, and the like are placed in a pressure tank first, and methane gas is stored by applying pressure at around 68
atm (equivalent to 1000 psia).
In application of this technique, such high-pressure operation is indispensable even using similar adsorbents described
above.
[0047] Table 1 shows the results of comparison of the amounts of methane adsorbed per 1 g of the active carbon
as shown in Fig. 1. According to Table 1, an amount of methane adsorbed was only 0.18 mmol after the elapse of 0.2
hr. in the case of methane being adsorbed straight to the active carbon whereas the same was 12.08 mmol in the case
of methane being adsorbed to the active carbon in the presence of water fed thereto beforehand, 67 times as much
as the former case. After the elapse of 0.9 hr., an amount of methane adsorbed to the active carbon in the case of
water coexisting with methane was 16.46 mmol, 91 times as much as the same in the case of methane being adsorbed
straight to the active carbon, that is, 0.18 mmol.

[0048] A volume of methane adsorbed to 1 cc in an apparent volume of the active carbon in the presence of water
is calculated at 183 cc on the standard state basis under 1 atm at 0… C. This result shows that methane in a volume
exactly 183 times, on the standard state basis, as large as an unit volume of the active carbon was stored in the active
carbon under a pressure as low as only 0.2 atm. Then (after the elapse of 0.9 hr..), an amount of methane adsorbed
was found slightly reducing, and finally reached 11.77 mmol, at which a state of equilibrium was achieved without any
change thereafter.

[Example II]

[0049] After 0.0083 g of water was adsorbed first to 0. 320 g (0.0461 cc) of the same kind of active carbon as the
one used in Example I, methane gas pressurized at 0 ~ 20 atm, respectively, at 30…C was fed to the testing apparatus,
and amounts of methane gas adsorbed after a state of equilibrium was reached at respective pressures were measured.
[0050] Figs. 2 and 3 show the results of these tests. Fig. 2 shows variation in the amount of methane gas adsorbed
under a pressure in the range from 0 to 1.5 atm, among 0 ~ 20 atm, enlarged along the horizontal axis. In the figures,
variation in the weight of methane adsorbed when water was adsorbed to the active carbon beforehand is plotted with
blank circles whereas the same when methane was adsorbed straight to the active carbon is plotted with solid circles.
[0051] As shown in Fig. 2, in case of methane gas being fed after water is adsorbed to the active carbon beforehand,
methane is rapidly stored henceforth even under a very low pressure, indicating an amount of methane adsorbed under
1 atm at around 12 mmol. The figure further indicates that in case of methane gas being fed after water was adsorbed
to the active carbon beforehand, as much as 13 mmol of methane per 1 g of the active carbon was stored under 1.5
atm as against 1 mmol of methane adsorbed per 1 g of the active carbon under the same 1.5 atm in case of methane
being adsorbed straight to the active carbon.
[0052] Table 2 shows the results of comparison of the amounts of methane adsorbed per 1 g of the active carbon
as shown in Fig. 2. According to Table 2, in comparing amounts of methane adsorbed when a state of equilibrium was
reached, for example, under 0.2 atm, an amount of methane adsorbed in the presence of water was 11.77 mmol as

[Table 1]

Time Elapsed (h) Amount of methane adsorbed per 1 g of the active carbon (mmol) Ratio (A/B)

Methane adsorbed to the active carbon
after water was adsorbed (A)

Methane adsorbed straight to the
active carbon (B)

0.2 12.08 0.18 67.1

0.9 16.46 0.18 91.4
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against the same of only 0.18 mmol when methane was adsorbed straight to the active carbon, representing a ratio
of the former to the latter at 65. Further, in comparing amounts of methane adsorbed when a state of equilibrium was
reached under 1.5 atm, an amount of methane adsorbed in the presence of water was 13.08 mmol as against the
same of only 0.88 mmol when methane was adsorbed straight to the active carbon, representing the ratio at 15.

[0053] Fig. 3 is a graph showing the results of measuring amounts of methane adsorbed when methane was brought
into contact with the active carbon under pressure higher than the pressure condition in Fig. 2, wherein data under a
pressure condition up to 1.5 atm as shown in Fig. 2 are plotted as well. As is evident from Fig. 3, an amount of methane
stored in the presence of water gradually increased along with an increase in the pressure of methane under 1.5 atm
and higher, reaching as much as 21 mmol per 1 g of the active carbon under 20 atm.
[0054] On the other hand, when methane was adsorbed straight to the active carbon, an amount of methane adsorbed
increased only by a slight increment, reaching only around 5 mmol even under 20 atm. Further, an amount of methane
pressurized only at 1 atm and adsorbed to the active carbon in coexistence with water was found to be as much as 12
mmol per 1 g of the active carbon, which is more than twice as much as the amount of methane adsorbed (about 5
mmol) under 20 atm when methane was adsorbed straight to the active carbon without water coexisting.
[0055] Then, volumes of methane adsorbed to 1 cc of the active carbon under various pressures according to Fig.
3, converted to respective volumes on the standard state basis, are equivalent to 191 cc under 0.7 atm, 203 cc under
1.5 atm, 271 cc under 5.0 atm, 290 cc under 10 atm, and 326 cc under 20 atm, respectively, provided that methane is
adsorbed to the active carbon after water has been adsorbed to the active carbon.
[0056] The foregoing description demonstrates that the present invention not only has excellent capability of adsorb-
ing and storing gas under a condition of reduced pressure or low pressure ranging from the atmospheric pressure to,
for example, 5 atm, but also is more effective under a pressurized condition, for example, under 10 atm, or 20 atm or
even higher.

Claims

1. A method of storing a gas comprising contacting a gas with a porous material having fine pores and a large specific
surface area by bringing the gas into contact with the porous material at or close to room temperature in the
presence of a compound serving as clathrate, whereby a large amount of the gas is adsorbed to and stored in the
porous material.

2. A method of storing a gas according to claim 1, wherein the porous material is active carbon.

3. A method of storing a gas according to claims 1 or 2, wherein the compound serving as clathrate is water.

4. A method of storing a gas according to claims 1, 2, or 3, wherein the gas is lower hydrocarbon including methane,
ethane, ethylene, propane, butane, and the like.

5. A method of storing a gas according to claims 1, 2, or 3, wherein the gas is natural gas.

6. A method of transporting a gas comprising contacting a gas with a porous material having fine pores and a large
specific area at or close to room temperature in the presence of a compound serving as clathrate, whereby a large
amount of the gas is adsorbed to and stored in the porous material, and then transporting the said porous material
adsorbed to and stored the gas.

7. A method of transporting a gas according to claim 6, wherein the porous material is active carbon.

8. A method of transporting a gas according to claims 6, or 7, wherein the compound serving as clathrate is water.

[Table 2]

Pressure (atm) Amount of methane adsorbed per 1 g of the active carbon (mmol) Ratio (A/B)

Methane adsorbed to the active carbon
after water was adsorbed (A)

Methane adsorbed straight to the active
carbon (B)

0.2 11.77 0.18 65.4

1.5 13.08 0.88 14.9
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9. A method of transporting a gas according to claims 6, 7, or 8, wherein the gas is lower hydrocarbon including
methane, ethane, ethylene, propane, butane, and the like.

10. A method of transporting a gas according to claims 6, 7, or 8, wherein the gas is natural gas.

Patentansprüche

1. Verfahren zum Lagern von Gasen, umfassend Inkontaktbringen eines Gases mit einem porösen Material mit feinen
Poren und einem großen spezifischen Oberflächengebiet durch Bringen des Gases in Kontakt mit dem porösen
Material bei oder nahe Raumtemperatur bei Anwesenheit einer als Clathrat dienenden Verbindung, wodurch eine
große Menge des Gases in dem porösen Material adsorbiert und gelagert wird.

2. Verfahren zum Lagern von Gasen nach Anspruch 1, dadurch gekennzeichnet, daß das poröse Material Aktiv-
kohle ist.

3. Verfahren zum Lagern von Gasen nach Ansprüchen 1 oder 2, dadurch gekennzeichnet, daß die als Clathrat
dienende Verbindung Wasser ist.

4. Verfahren zum Lagern von Gasen nach Ansprüchen 1, 2 oder 3, dadurch gekennzeichnet, daß das Gas niederer
Kohlenwasserstoff, einschließlich Methan, Ethan, Ethylen, Propan, Butan und dergleichen, ist.

5. Verfahren zum Lagern von Gasen nach Ansprüchen 1, 2 oder 3, dadurch gekennzeichnet, daß das Gas Naturgas
ist.

6. Verfahren zum Transportieren von Gasen, umfassend Inkontaktbringen eines Gases mit einem porösen Material
mit feinen Poren und einem großen spezifischen Oberflächengebiet bei oder nahe Raumtemperatur bei Anwe-
senheit einer als Clathrat dienenden Verbindung, wodurch eine große Menge des Gases in dem porösen Material
adsorbiert und gelagert wird, und danach Transportieren des das Gas adsorbierenden und lagernden porösen
Materials.

7. Verfahren zum Transportieren von Gasen nach Anspruch 6, dadurch gekennzeichnet, daß das poröse Material
Aktivkohle ist.

8. Verfahren zum Transportieren von Gasen nach Ansprüchen 6 oder 7, dadurch gekennzeichnet, daß die als
Clathrat dienende Verbindung Wasser ist.

9. Verfahren zum Transportieren eines Gases nach Ansprüchen 6, 7 oder 8, dadurch gekennzeichnet, daß das
Gas niederer Kohlenwasserstoff, einschließlich Methan, Ethan, Ethylen, Propan, Butan und dergleichen, ist.

10. Verfahren zum Transportieren von Gasen nach Ansprüchen 6, 7 oder 8, dadurch gekennzeichnet, daß das Gas
Naturgas ist.

Revendications

1. Procédé de stockage d'un gaz comprenant la mise en contact d'un gaz avec un matériau poreux ayant des pores
fins et une surface spécifique élevée par mise en contact du gaz avec le matériau poreux à la température ambiante
ou proche de celle-ci en présence d'un composé servant de clathrate, afin qu'une grande quantité de gaz soit
adsorbée et stockée dans le matériau poreux.

2. Procédé de stockage d'un gaz selon la revendication 1, dans lequel le matériau poreux est du charbon actif.

3. Procédé de stockage d'un gaz selon la revendication 1 ou 2, dans lequel le composé servant de clathrate est l'eau.

4. Procédé de stockage d'un gaz selon la revendication 1, 2 ou 3, dans lequel le gaz est un hydrocarbure inférieur
y compris le méthane, l'éthane, l'éthylène, le propane, le butane, et analogues.
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5. Procédé de stockage d'un gaz selon la revendication 1, 2 ou 3, dans lequel le gaz est le gaz naturel.

6. Procédé de transport d'un gaz comprenant la mise en contact d'un gaz avec un matériau poreux ayant des pores
fins et une surface spécifique élevée à la température ambiante ou proche de celle-ci en présence d'un composé
servant de clathrate, afin qu'une grande quantité de gaz soit adsorbée et stockée dans le matériau poreux, puis
le transport dudit gaz adsorbé sur et stocké dans le matériau poreux.

7. Procédé de transport d'un gaz selon la revendication 6, dans lequel le matériau poreux est du charbon actif.

8. Procédé de transport d'un gaz selon la revendication 6 ou 7, dans lequel le composé servant de clathrate est l'eau.

9. Procédé de transport d'un gaz selon la revendication 6, 7 ou 8, dans lequel le gaz est un hydrocarbure inférieur
y compris le méthane, l'éthane, l'éthylène, le propane, le butane, et analogues.

10. Procédé de transport d'un gaz selon la revendication 6, 7 ou 8, dans lequel le gaz est le gaz naturel.
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